Introduction
The successful development of mammalian fertilized ova and preimplantation embryos in vitro requires the presence of bicarbonate in the culture medium (Quinn & Wales, 1973; Kane, 1975) . The role of bicarbonate may be more than acting simply as a buffer system. Quinn & Wales (1971 & Wales ( , 1974 found that 14C02 was incorporated mainly into amino acids and protein, probably by the pyruvate carboxylase mediated condensation of carbon dioxide with pyruvate to form oxaloacetate. Radiolabel was found also in acetate, malate, ketoglutarate, and citrate (Wales, Quinn & Murdoch, 1969) in mouse and rabbit embryos, and in lactate and pyruvate in rabbit embryos. Kane (1975) reported that 1 -cell rabbit zygotes develop to morula in medium buffered by Ar-2-hydroxyethyl piperazine-7V"-2 ethanesulphonic acid (Hepes), but that bicarbonate was necessary for development to the blastocyst stage.
The maturation in vitro of oocytes aspirated from preovulatory follicles has been described for many mammalian species. Most investigations utilized a bicarbonate buffering system that was maintained by incubation in an atmosphere of 5% C02 in air, although some (Peluso & Hutz, 1980; Dekel, Aberdam & Sherizly, 1984; Racowsky & Satterlie, 1985) have not done so. Nearly all previous studies have maintained cultures at 37°C. The normal body temperature of pigs is 39°C. The present study was undertaken to determine the effects of temperature and of bicarbonate versus phosphate buffering systems on the maturation of pig oocytes in vitro.
Materials and Methods
Culture media. Pig serum was collected from castrated boars at 10-11 weeks of age, and stored at -76°C in 500 ml samples. Before use, the serum was heat-treated at 56°C for 1 h, centrifuged at 47 800 # for 20min at 4°C, and passed through 5-0 µ , 0-45µ , and 0-22 µ membrane filters under pressure. The serum was then added to sterile medium for immediate use, or stored at -20CC for later use. Serum steroid hormones were assayed by radioimmunoassay (RIA; Jaffe & Behrman, 1974 (Bailey, 1981) .
Results
The effects of culture media and incubation conditions on polar body formation are summarized in Table 1 . (Toyoda & Chang, 1974) . This medium has been used successfully to mature cumulus-intact pig oocytes in vitro (Iritani, Niwa & Imai, 1978; Nagai, Niwa & Iritani, 1984 Pig serum contained 0-207 + 0002mM-pyruvate, while TC-199E without serum contained 0007 + 0001 mM-pyruvate. TC-199E after 0, 24 and 48 h incubation with egg-cumulus complexes contained 0035 ± 0-003mM, 0042 + 0-002mM, and 0-60 ± 0-009mM-pyruvate respectively. None of the media or its components contained detectable levels of lactate.
Discussion
In the present study, several culture media were compared for their ability to promote polar body formation in immature oocytes. Kuehl & Dukelow (1979) reported that the inclusion of insulin in a medium based on TC-199 with Earle's salts and L-glutamine did not increase in-vitro maturation or fertilization of monkey ova, although fibroblast monolayers were suppressed. Tsafriri & Channing (1975) had reported that Medium TC-199 containing added pyruvate, lactate and insulin gave higher rates of germinal vesicle breakdown (GVBD) and polar body formation than did unsupplemented media. In the present study the complex medium of Tsafriri & Channing (1975) was shown to have no advantage over the simpler formulation lacking these additions.
The difference between the current study and that of Tsafriri & Channing (1975) may be due to the difference in incubation temperatures used, since Exp. 1 showed that maintaining the cultures at 39°C was advantageous to incubation at 37°C. Lenz, Ball, Liebfried, Ax & First (1983) Another difference may be related to the source of pig serum. Tsafriri & Channing (1975) used serum with low levels of sex hormones. We chose young castrated boars as a serum source likely to have very low levels of sex hormones and this was confirmed by RIA. The serum from many animals was pooled to produce a large single lot, and frozen as 500 ml samples, resulting in a consistent source of pig serum uniformly low in sex steroids.
One major difference between the Media TC-199E and TC-199H is in the buffer system employed. Media based on Earle's salts contain 6-7 times the amount of bicarbonate that is found in media based on Hank's salts. Cultures in Earle's media are usually maintained under an atmosphere of 5% C02 in air to maintain the appropriate pH. Media with lower bicarbonate levels (i.e. based on Hank's salts) do not require an atmosphere enriched in C02.
The vast majority of investigators utilize an atmosphere of 5% C02 in air in which to mature or fertilize mammalian oocytes in vitro, although some reports relate to cultures in an atmosphere of air only (Peluso & Hutz, 1980; Dekel et al, 1984) . In the present study, Medium TC-199 based on a predominately bicarbonate buffer system (Medium TC-199E; Earle's salts) and incubated in 5% C02 yielded twice the percentage of polar body formation as the same medium based on a predominately phosphate buffer system (Medium TC-199H; Hank's salts) and incubated in air. When the Hank's based medium was supplemented with extra bicarbonate, how¬ ever, the percentage of polar body formation was increased to that of the Earle's based medium, demonstrating that bicarbonate ion is required for normal polar body formation. This extends earlier observations (Biggers, Whittingham & Donahue, 1967; Wales et al, 1969;  Quinn efe Wales, 1971 Wales, , 1973 on the importance of C02 fixation for the development of preimplantation embryos in culture. Quinn <& Wales (1973) further found that embryos maintained in phosphate-buffered medium had reduced incorporation of low molecular weight precursors into macromolecules.
Oviducal fluid is a rich source of bicarbonate ion (Vishwakarma, 1962; Hamner, 1973; Maas, Storey <& Mastroianni, 1977) . Biggers et al (1967) suggested that carbon dioxide could be fixed via pyruvate carboxylase to form oxaloacetate in the mouse oocyte and zygote. This was strengthened by further reports that the primary energy source in cumulus-free maturing mouse oocytes is pyruvate (Eppig, 1976; De Felici, Vivarelli, Giustiniani efe Siracusa, 1982) . Kuehl & Dukelow (1979) found that pyruvate was beneficial to the in-vitro maturation and fertilization of monkey ova. The ability of cumulus-intact pig oocytes in the present investigation to mature in the absence of exogenous pyruvate may be due to the presence of sufficient pyruvate or equivalent substrate in the supplementing serum. Alternatively, there may be production of pyruvate from glucose via glycolysis in the cumulus cells (Donahue & Stern, 1968; Leese & Barton, 1985) . In the present report, shown to contain as much pyruvate as was added by Tsafriri & Channing (1975 Motlik, Crozet & Fulka (1984) . The observation of polar body formation is therefore a more stringent criterion of normal physiological oocyte maturation than is germinal vesicle breakdown.
The apparent superiority of media from one supplier over that of another in Exp. 4 
